Older caregivers of dementia patients have been studied as a model of chronic stress influencing psychological and physical well-being and the function of the immune system. Both innate and adaptive immunity are affected, for example, in older dementia caregivers natural killer (NK) cell function [1] , antibody response to vaccination [2] and wound healing [3] is impaired in caregivers when compared to age and sex -matched controls. Caregiving is considered a model of chronic stress due to general extended nature of the caregiving period from months to years and the complexity of what is known as caregiver burden, describing the physical, emotional, and social impact of the stress of care-giving. This is well established as having a serious effect on psychological wellbeing and physical health among caregivers when compared to matched non-caregiving controls [4] . However, the caregivercare recipient relationship is dyadic, thus the caregiver can influence the health and wellbeing of the recipient as well as being influenced by the recipient's health and behaviour, for example, both members of such dyads can show increased depressive symptoms and sleep problems compared to controls [5] . Further, the caregiver-recipient relationship does not exist in a vacuum, thus It is important to examine the psychosocial factors and circumstances surrounding caregiving and protective roles which may interact and contribute to dysregulated immunity rather than treating caregiving as homogenous static stressor.
Effects of caregiving among younger caregivers -specific aspects of caregiver distress
Recent developments in caregiving research have focused on a range of immune markers, and younger caregiver populations such as parents. These show that younger caregivers are diverse and do not always display the immune decrements seen in older caregivers. For example, parental caregivers for children with developmental disabilities were no more likely than controls to be seropositive for the latent virus cytomegalovirus (CMV), nor show poorer virus control if seropositive [6] . One could conclude that in the absence of immunosenescence, not all aspects of immunity are compromised, but it may be that specific aspects of caregiving not just the role per se are important influencers of immunity. For example, particular aspects of the caregiving experience may influence or accelerate immune ageing as studies showed increased caregiver burden in young and older caregivers [7] and parental stress in younger caregivers [8] related to poorer neutrophil phagocytosis (ingestion) and superoxide production [7] and more advanced T cell differentiation [8] , both associated with immune ageing. Further, these findings highlight potential mechanisms by which some caregivers might report poorer health given that poor sleep quality [7] , and less exercise, smoking, and an unbalanced diet, as well as higher BMI [6] related to immune outcomes across studies.
Caregiving and inflammation
The impact of caregiving on other roles and other aspects of immunity has been demonstrated in studies of inflammatory markers (such as cytokine immune messengers and C-reactive Protein (CRP). For example, low leisure activities enjoyment/satisfaction among Alzheimer's caregivers were associated with higher inflammatory cytokine levels, but not with CRP or IL-6 or with depression [9] . This suggests that the absence of positive affect not just the presence of negative affect influences inflammation, thus may be an appropriate target for behavioural interventions. This is important given that inflammation plays a key role in various diseases [10] , and increases with ageing [11] , meaning that the impact of caregiving stress may be even greater in older caregivers. However, such consequences are not limited to older caregivers, but may be more apparent in those reporting high burden, or during specific stressful periods. For example, increased inflammatory cytokines have been shown to be specific to males with anxiety, high BMI, disrupted schedules, ages 30-39 years with high burden [12] and those with high grief in the presence of blame and anger [13] or in the 6-months post-diagnosis of a child with cancer in caregiving mothers [14] , a particularly stressful period. In support of this idea about stressful time periods, not all markers of inflammation were raised among long-term caregivers [15] and in caregivers with low caregiving burden allostatic load (incorporating inflammatory markers) was lower than non-caregivers [16] ; potentially indicating lower distress at less stressful periods. These studies also indicate a benefit for caregivers with multiple social roles or lower burden; supportive evidence showed that having multiple roles in later life, including caregiving, related to lower levels of CRP [17] . However, the most robust association was with volunteer work, reiterating that caregiving can be beneficial if low burden, i.e. allowing time for other activities like volunteering. This underlines the importance of examining the psychosocial factors and circumstances surrounding caregiving.
Caregiving and genetic variations
One recently identified pathway to poorer immunity in caregivers is genetics, specifically single nucleotide polymorphisms (SNPs) of cytokine promotor genes. Variations in alleles for certain cytokine promotor genes (and other genes associated with inflammation) have been shown to relate to a range of important individual differences in caregivers of oncology patients such as poorer attentional function, a subtle indicator of cognitive change and important predictor of quality of life [18] ; and morning or evening fatigue [19] ; higher trait and state anxiety [20] and poorer quality of life [21] . Although other factors such as age, and comorbidities contributed to these psychosocial and behavioural outcomes, these studies corroborate reports of caregiving stress effects on systemic inflammation and reveal another mechanism by which caregiving can contribute to immune dysfunction. Another mechanism is gene transcription and expression; caregivers' monocytes showed increased expression of pro-inflammatory genes such as those bearing response elements for NFB, a pro-inflammatory transcription factor, as well as increased IL-6 production in vitro [15] . Some studies included patients not exclusively caregivers, but do indicate why certain individuals may be more at risk of adverse effects, and identify those most in need of additional intervention.
The caregiver-care recipient dyad
The impact of psychosocial and behavioural factors within caregivers can be considered a proxy for patient distress, having effects on patients' immune outcomes. In cancer patients undergoing stem cell transplantation to replace blood cell progenitors that can then differentiate into new healthy cells, high caregiver depression, avoidance, and poor sleep have been observed [22] . Where caregivers had better objective and subjective sleep quality, patients experienced earlier neutrophil engraftment, a marker of faster stem cell transplant success [23] . Such studies emphasise the importance of wellbeing within this dyadic relationship, particularly during key periods of vulnerability where the impact of distress is higher for both caregivers and care recipients, but equally, interventions may be most effective.
Cortisol and immunity
The stress response system, specifically the stress hormone cortisol, which generally results in down-regulation of immunity and inflammation [11] may be a mechanism underlying caregiving effects on immunity [24] . During stress, the hypothalamic-pituitary-adrenal (HPA) axis is triggered and provokes the systemic release of glucocorticoids (GCs), which have anti-inflammatory and immunosuppressive actions on immune cells via their receptor. For example, cortisol influences the function of effector cells like monocytes and macrophages while increasing their phagocytic potential; moreover, cortisol abrogates the production of pro-inflammatory cytokines.
Caregiving and cortisol
Several studies have examined basal cortisol (i.e. at rest not in response to an acute stressor) as an index of chronic stress. In caregivers of cancer patients undergoing hematopoietic stem cell transplant treatment serum cortisol concentrations were lower at compared to controls [25] , suggesting dysregulation. However, social support and depression accounted for group differences in hair cortisol between caregivers of dementia patients and controls [26] implying, as argued above, it is not always caregiving per se that is damaging but specific aspects of the caregiving experience. Further, these studies indicate that caregivers have lower basal cortisol, often associated with inflammatory disease states [27] .
The diurnal patterning of hormone secretion across the day, such as in daily diary studies, provides important clues to HPA axis dysregulation and is associated with health outcomes. These studies also mainly support low cortisol among caregivers, and specifically among those experiencing specific negative aspects of caregiving such as individuals used less respite and than caregivers who used more respite [28] ; or who expressed higher feelings of anger [29] . Similarly, a smaller or flatter cortisol awakening response (CAR), the brisk increase of cortisol levels within 20-30 min after awakening, was associated with higher depression in caregivers [29] and with caregiving per se among younger caregivers of children with Autism [30] , although not in all studies [31] . However, it is possible that other markers of HPA axis regulation are more sensitive to psychosocial stressors. For example, using intra-individual cortisol variability (ICV) as an index of HPA axis regulation within caregivers of hematopoietic stem cell transplant patients, a greater ICV was associated with poor mental health, with no associations observed for other cortisol HPA axis indices (area under the curve, diurnal decline or CAR) [31] . Together, these studies confirm dysregulation of the HPA axis in both older and young caregivers and suggest that factors such as social support and depression are important for regulatory processes.
Another important advancement is studies demonstrating altered glucocorticoid sensitivity, which influences inflammatory processes. In longitudinal studies, caregivers showed lower glucocorticoid receptor (GR) signaling [15] or increased glucocorticoid resistance [14] where no changes in cortisol itself were observed compared to controls. This implies that is it not the bioavailability of cortisol nor its receptor that is affected by caregiving but rather GR signalling/responsivity. Changes in distress over time among mothers of children newly diagnosed with cancer correlated with changes in glucocorticoid resistance over a 12-month period, particularly in those with increasing depression levels [14] , which again illustrates the impact of the emotional response to caregiving not just the caregiving role itself.
A commonly used model of the consequences of stress for cortisol is acute stress reactivity, generally studied in the context of a laboratory stress task as a predictor of future disease risk in those with exaggerated or low/blunted responses [32] . For example, parental caregivers for individuals with eating disorders, showed blunted salivary antibody or immunoglobulin A (sIgA), and cortisol to acute stress, indicating dysregulated stress-induced responses, as well as lower sIgA levels overall [33] . This builds on previous literature where a blunted cardiovascular response to acute stress was associated with an impaired antibody response to vaccination [34] . Moderate cortisol reactivity is likely the most adaptive response, and in a social support manipulation, caregivers who were given high personcentred support, rather than medium-person centred support, from a member of their social network while they discussed the challenges of caregiving were found to display lower to moderate cortisol reactivity [35] . This emphasises social support as a further moderating factor of caregiver health.
Interventions to ameliorate negative effects of caregiving
Early interventions have shown some promising effects for immune and stress hormone outcomes but are sometimes hampered by bias such as non-randomisation. The group studying caregiver-patient dyads in the context of stem cell transplantation tested a stress management intervention for caregivers [22] . Despite no overall reduction in inflammatory markers, caregivers who received the intervention showed down-regulation of expression of transcription pathways associated with inflammation, and reduced depression and anxiety levels [22] . Although this sub-analysis suffered from a small sample, precluding adjustment for confounders, it elucidates the role of genes at the transcription level, and helps explain the inflammatory effects observed in long-term caregivers reporting high distress or burden.
For cortisol, some studies [28, 29] adopted naturalistic interventions such as respite. Among those with intentional interventions, there are mixed results; there was no difference in basal cortisol levels [36] or the CAR [22] compared to controls, however, a service dog intervention for families of children with Autism did show some evidence of improved HPAaxis regulation [37] . Where caregivers were required to do activities with their carerecipient [36] , it may have left little time for personal respite and support for the caregiver perhaps explaining the null effects in certain studies. Given that some HPA-axis indices (e.g., ICV) have been shown to be more sensitive to psychosocial factors this may be a fruitful line of enquiry for future intervention research.
Conclusion
The key messages that have emerged from this review of the recent caregiving literature are that negative effects on immunity and cortisol are not restricted to older spousal caregivers, however, caregiving stress may accelerate immune system ageing among younger caregivers and dysregulate their HPA axis. Further, caregiver-patient dyads are important and can affect patient as well as caregiver outcomes. Also, caregiving effects are not homogenous but vary with the caregiving experience such as greater effects in the presence of high distress or burden. However, where burden is lower and caregivers have a range of roles, positive effects of caregiving can emerge, this contrast is shown in Figure 1 . More recent genetic research has revealed that carriers of particular polymorphisms of certain cytokine genes may be more at risk of poor emotional outcomes. However, stress management can reduce caregiver distress and down-regulate transcription of proinflammatory genes, and interventions such as a service dog for families can alter HPA axis regulation. Thus, recent evidence suggests a number of important psychosocial factors to attend to when intervening with caregivers as well as some potential means to reduce the negative impact of caregiving on stress hormones and immunity.
[Insert Figure 1 about here] 
